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ABSTRACT

Enumeration of aerobic microorganisms in Brazilian pasteurized bovine milk using PetrifilmTM AC and SimplateTM

TPC was shown to be influenced by the nature of autochthonous microbiota. This study was conducted to
assess if the same occurs in pasteurized goat milk. Pasteurized frozen goat milk (n=62) was purchased in retail
stores in São Paulo, SP, Brazil, and submitted to mesophilic aerobic counts using PetrifilmTM AC and SimplateTM

TPC, comparing results with those of conventional pour-plates. Correlation indexes above 0.90 were ranked
“excellent”; those between 0.80 and 0.89, “good”, those from 0.79 to 0.50, “fair”, and those below 0.50, “poor”.
Correlation indexes for PetrifilmTM AC counts were “good”, but “poor” using SimplateTM TPC. Comparison of
PetrifilmTM AC and SimplateTM TPC also produced “poor” correlation indexes. Results suggest that
autochthonous microbiota have little, if any, influence on the performance of these two systems, since good
correlations were achieved using PetrifilmTM AC.
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INTRODUCTION

Traditional methods for enumeration of microorganisms in
milk and other food products demand too much material, time
and hands-on work and results become available only after two
or three days (31). In the past few years, several alternative
analytical methods have been developed aiming the production
of faster results and simplification of the analytical procedure.
Among them, the ready-to-use systems are the most popular,
mainly because they eliminate culture media preparation and
labware sterilization (5,7,21). PetrifilmTM plates (3M
Microbiology, St. Paul, MN, USA) and SimPlateTM plates
(Biocontrol Systems, Inc, Bellevue, WA, USA) are two
successful ready-to-use systems, with increasing acceptance
in the food microbiology laboratories because of their
convenience, ease-to-use, accuracy, acceptable cost-benefit
relationship and validation by the recognized international
regulatory bodies, like the AOAC.

Results of international validations of analytical methods
should be interpreted with care, because they do not take into
account regional variations in the microbial ecology of foods.
In Brazil, it was demonstrated that the autochthonous microflora
of pasteurized bovine milk produced in certain regions
influenced significantly the performance of these two ready-to-
use systems for enumeration of aerobic microorganisms (2).
The counts of aerobes using PetrifilmTM AC or SimplateTM TPC
plates were lower than those yielded by the standard plating
count method. In a previous study, these authors reported that
Brazilian pasteurized milk contain a high number of thermoduric
Gram positive cocci, unable to reduce TTC of the PetrifilmTM

plates or to produce fluorescence when tested in SimplateTM

TPC (1). These are indications that the microbial ecology of
pasteurized milk may have an important role in the performance
of these ready-to-use systems.

Another important aspect related to the performance of these
ready-to-use counting systems is that stressed microorganisms
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may not grow well. Several factors, mainly acidic pH, low Aw,
and presence of preservatives, encountered in many food
matrices, may induce metabolic stress, and interfere with the
enzymatic reactions on which positive results of these systems
are based. Food debris, presence of certain components, like
lipids and salts, and the color of the food product may also
influence negatively the performance of these systems.

Goat milk has an increasing market in Brazil. Daily goat milk
production in Brazil is 22,000 liters, and it is traded as fluid milk
(93%), powdered milk (4%) and cheese, yogurt and sweet
products (3%) (8). Fluid milk may be sold as ultra-high
temperature treated or pasteurized and frozen, the object of the
present study. In relation to the microbiological quality of
pasteurized frozen goat milk produced in Brazil, very little
information is available. The Brazilian Ministry of Agriculture
(6) established the following parameters for pasteurized and
ultrahigh temperature treated goat milk: Raw milk - standard
plate count maximum 500,000 CFU/mL. Pasteurized milk -
standard plate count maximum 50,000 CFU/mL, coliforms (30ºC)
maximum 1 CFU/mL; coliforms (45ºC) maximum 1 CFU/mL;
coagulase positive Staphylococcus spp. absence in 25 mL;
Salmonella, absence in 25 mL.

In the analysis of five brands of pasteurized milk sold in
northeast Brazil, three were found to be inside the range of
microbiological quality recommended by the Brazilian Ministry
of Agriculture (25). In southeast Brazil, the analysis of 30 samples
of pasteurized frozen goat milk, showed only one above the
standard determined by legal regulations in relation to
mesophilic aerobic counts (20).

No information is available about the interference of the
natural microbiota of other types of milk produced in Brazil
besides bovine milk, on the performance of these ready-to-use
systems. The influence of freezing on the viable cell counts is
also unknown. Thus, this study aimed at the comparison of
mesophilic and psychrotrophic microorganism counts in
pasteurized frozen goat milk, purchased at retail stores in Brazil,
using the conventional pour plating procedure as the standard
for comparison.

MATERIALS AND METHODS

Sixty-two samples of pasteurized frozen goat milk were
purchased in supermarkets in São Paulo, SP, Brazil. In the
laboratory, they were thawed under refrigeration (mean
temperature: 7.8ºC). Packages were homogenized by manual
shaking, disinfected with 70% alcohol, punctured with sterile
scissors and 10 mL of the content were transferred to a sterile
flask. These samples were submitted to decimal dilutions up to
1:1.000 in sterile phosphate dilution water (14,17).

One mL of each dilution was placed in four PetrifilmTM AC
(3M Microbiology. St. Paul, MN, USA) plates, following the
manufacturer instructions. Two plates were incubated at 30 ±

1ºC for 48 ± 3h for aerobic mesophilic microorganism counts,
and two at 7 ± 1ºC for 10 days for psychrotrophic microorganism
counts. Plates presenting 25 to 250 red colonies were selected
and counted and the number of CFU/mL was determined,
considering the average of the duplicates.

SimPlateTM TPC (Biocontrol Systems, Inc, Bellevue, WA,
USA) plates were inoculated according to the procedure
described by the manufacturer. Milk dilutions were used to
rehydrate the culture medium, which was poured onto the plates.
For aerobic mesophilic microorganism counts, two plates were
prepared and incubated at 30ºC for 24 hours. Additionally, two
plates were prepared and incubated at 7 ± 1ºC for 10 days, for
psychrotrophic microorganism counts. After incubation, the
number of fluorescent wells was counted under UV light and
the MPN mL-1 was calculated using the MPN table supplied by
the manufacturer.

Duplicates of each dilution (1 mL) were pour-plated in
Standard Methods Agar (Oxoid Ltd., Basingstoke, Hampshire,
England) and incubated at 30 ± 1ºC for 48 ± 3h for counts of
aerobic mesophilic microorganisms. Two additional plates for
each dilution were prepared and incubated at 7 ± 1ºC for 10
days for psychrotrophic microorganism counts. Plates
presenting 25 to 250 colonies were selected and counted and
the number of CFU/mL was determined (14).

Values obtained in the counts were transformed to decimal
logs, and the Correlation Coefficient, Slope and Intercept for
the results obtained by the three methods were calculated, using
linear regression methods (p≤0.05), in MS Excel 7.0 (Microsoft
Inc., USA). Correlations were ranked as “Excellent”, “Good”,
“Fair” or “Poor” according to the values of the correlation
indexes, as shown in Table 1. The correlation index was
determined by the most common rank obtained in the three
categories (correlation coefficient, slope and intercept).

RESULTS AND DISCUSSION

Since their launch in 1984, PetrifilmTM plates have been
extensively tested and compared with several other counting
methods, including the conventional pour plate method, and
the results of these comparisons lead to the conclusion that
PetrifilmTM AC plates are an excellent alternative to the
conventional procedure for enumeration of microorganisms in
foods, including milk and dairy products (4,5,7,9,10,12,
13,16,18,19, 24). SimplateTM plates have also been submitted to

Table 1. Ranking of results according to the correlation indexes.

Index Excellent Good Fair Poor

Correlation coefficient 1.00-0.90 0.89-0.80 0.79-0.50 <0.50
Slope 1.00-0.90 0.89-0.80 0.79-0.50 <0.50
Intercept 0.00-0.10 0.11-0.20 0.20-0.50 >0.50
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equivalence studies and good correlation indexes were also
reported (3,11,15,22,29,30).

The correlation indexes found for PetrifilmTM AC plates for
the enumeration of mesophilic microorganisms in pasteurized
frozen goat milk, compared with the conventional pour-plate
method, and the correlations observed in other studies in the
literature are presented in Table 2; those for SimplateTM TPC
and pour plates, in Table 3, and those for PetrifilmTM AC and
SimplateTM TPC, in Table 4.

The correlation parameters for aerobic mesophilic
microorganism counts obtained with PetrifilmTM AC and the
conventional pour-plate method were: Correlation Coefficient
0.7860, Slope, 0.8674 and Intercept, 0.090. According to the
criteria for results ranking, this correlation was ranked as “good”.
These values were similar to those reported earlier (2,16), but
these studies presented further findings in relation to the
method. In the analysis of pasteurized milk and yogurt ice-cream,
it was observed that PetrifilmTM plates produced higher counts
than pour-plates (16). Another study showed that correlation
between counts obtained by the two procedures depended on
the microbiological quality of pasteurized milk, i.e., the highest
the background flora the less effective was the PetrifilmTM AC
plate (2). Correlation Coefficient obtained by these authors in
Brazil decreased together with the quality of milk. There are

reports on lower correlations in the analysis of pasteurized
bovine milk (24), and of “excellent” correlations (4,13) with raw
milk and several kinds of foods (7,18).

In relation to SimPlateTM plates, correlation indexes detected
for pasteurized frozen goat milk were: Correlation Coefficient
0.3198; Slope, 0.2936 and Intercept, 2.150, ranked as “poor”.
Despite the good performance of SimplateTM TPC plates reported
in other studies, the present study confirmed previous results
reported in Brazil (2) for pasteurized bovine milk. These authors
showed that, as occurred with PetrifilmTM plates, the decrease
in microbiological quality of milk led to a decrease in the
performance of SimplateTM TPC. Other authors reported
correlation indexes ranked “excellent” (29) and “fair” (26), in the
analysis of several kinds of foods, “excellent” (15) in the analysis
of water, and “good” in the analysis of ice cream, using Simplate
TPC-CI. This method was also studied by another group of
researchers in a collaborative study with different kinds of foods
(11). They did not present correlation coefficients, but and
showed that differences observed between SimplatesTM and
the reference pour-plates were less than 0.3 mean log count.
However, the analysis of mold and yeast in foods (28) Simplate
ä did not present correlation indexes as high as those reported
by the first studies on the method (3,29,30), while PetrifilmTM

produced “excellent” correlations.

Table 2. Results found in the literature and those of the present study in relation to the comparison of Petrifilm™ AC and
conventional pour plates.

Reference (# in the text) Correlation coeffient Ranking Type of food Notes
(CC). slope (S)
and intercept (I)

Present study for mesophiles CC 0.8860 Good Frozen, pasteurized goat milk
S 0.8674
I 0.090

Present study for psychrotrophs CC 0.7480 Fair Frozen, pasteurized goat milk
S 0.8241
I 0.193

Senyk et al., 1987 (24) CC 0.78 Fair Pasteurized fluid milk
S 0.56
I 0.79

Bishop and Juan, 1988 (4) I 0.117 Excellent Raw milk
S 1.002
I 0.117

Chain and Fung, 1991 (7) CC 0.999 Excellent Different types of foods
Jordano et al., 1995 (16) CC 0.897 Good Pasteurized milk;

yoghurt ice cream
Mizuochi and Kodaka, 2000 (18) CC 0.97 Excellent Different types of foods
Taniwaki et al., 2001 (28) CC 0.9299 Excellent Mold and yeast count
Beloti et al., 2002 (2) CC 0.878 Good Pasteurized bovine milk
Hayes et al., 2003 (13) CC 0.94 Excellent Bovine raw milk
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Table 3. Results found in the literature and those of the present study in relation to the comparison of Simplate™ TPC and
conventional pour plates.

Reference (# in the text) Correlation coeffient Ranking Type of food Notes
 (CC). slope (S)
and intercept (I)

Present study for mesophiles CC 0.3198 Poor Frozen, pasteurized goat milk
S 0.2936
I 2.150

Present study for psychrotrophs CC 0. 6910 Fair Frozen, pasteurized goat milk
S 0. 7675
I 0.917

Townsend and Naqui, 1988 (29) CC 0.95 Excellent Different types of foods
S 0.96

Jackson et al., 2000 (15) CC 0.95 Excellent Water
S 0.99
I 0.06

Spangenberg and Ingham, 2000 (27) CC 0.97 Excellent Different types of foods Mold and yeast count
Taniwaki et al., 2001 (28) CC 0.61-0.69 Fair Mold and yeast count
Sant’Ana et al., 2002 (23) CC 0.884 Good Ice cream Simplate TPC-CI

S 1.0071
I 0.1638

Beloti et al., 2002 (2) CC 0.719 Fair Pasteurized bovine milk
Silva and Gallo, 2003 (26) CC 0.80 Fair Different types of foods

S 0.6167
I 1.1941

Table 4. Results found in the literature and those of the present study in relation to the comparison of Petrifilm™ AC and
Simplate™ TPC.

Reference (# in the text) Correlation coeffient Ranking Type of food Notes
 (CC). slope (S)
and intercept (I)

Present study fort mesophiles CC 0.4846 Poor Frozen. pasteurized goat milk
S 0.4166
I 1.960

Present study for psychrotrophs CC 0.5968 Fair Frozen, pasteurized goat milk
S 0.5977
I 1.582

Townsend et al., no date (30) CC 0.97 Excellent
S 0.99
I 0.11

Russel, 2000 (22) CC 0.91-0.95 Excellent Poultry carcasses Coliform counts
and ground beef

Sant’Ana et al., 2002 (23) CC 0.886 Good Ice cream Simplate TPC-CI
S 0.9865
I 0.1501
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When results obtained in PetrifilmTM AC and in SimPlateTM

TPC were compared, the Correlation Coefficient was 0.4826;
Slope, 0.4166; Intercept, 1.960, ranked “poor”. In a similar
study (30) values for these parameters were “excellent”, what
was also reported when the two methods were used in
coliform counts (22) in the analysis of poultry carcasses and
ground beef.

In the present study, the correlation indexes were lower than
in other reports, mainly in relation to SimplateTM. The
performance of both methods may have been affected by
freezing of the milk. However, the comparison of SimplateTM

TPC-CI and conventional methods in the analysis of ice-cream
in Brazil showed that the two systems were similar (23). In the
comparison between SimPlateTM TPC-CI and PetrifilmTM AC,
correlation indexes were ranked “good”. Although there is
reference to the analysis of frozen products in the initial study
of SimPlateTM (30), the correlation found for this kind of product
was not presented. In another study with frozen hamburger
patties and frozen fruits individual correlation coefficients were
not presented, either (11). It is important to perform further
studies using frozen products, in order to verify if this method
of food preservation may influence the results of enzymatic
tests, such as SimPlateTM.
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RESUMO

Desempenho de dois sistemas prontos para uso na
enumeração de microrganismos aeróbios mesófilos

em leite de cabra congelado

Foi demonstrado que a enumeração de microrganismos
aeróbios em leite bovino brasileiro pasteurizado utilizando-se
as placas PetrifilmTM AC e SimplateTM TPC pode ser influenciada
pela microbiota autóctone. O presente estudo foi conduzido
para se determinar se o mesmo ocorreria com leite de cabra
pasteurizado. Foram analisadas 62 amostras de leite pasteurizado
e congelado, vendidas no comércio varejista de São Paulo, SP.
As amostras foram submetidas à contagem de microrganismos
aeróbios mesófilos utilizando-se placas PetrifilmTM AC e
SimplateTM TPC, comparando-se os resultados com a semeadura
em profundidade. Um índice de correlação acima de 0,90 foi
classificado como “excelente”, entre 0,80 e 0,89 como “bom”,
entre 0,79 e 0,50 como “fraco”, e abaixo de 0,50, como “ruim”. O
índice de correlação para as contagens em placas PetrifilmTM

AC foi “bom”, mas foi “ruim” quando se usou as placas

SimplateTM TPC. A comparação entre os resultados obtidos
com as placas PetrifilmTM AC e SimplateTM TPC também produziu
um índice de correlação “ruim”. Os resultados sugerem que a
microbiota autóctone têm pouca ou nenhuma influência sobre
a performance destes dois sistemas, pois boas correlações foram
obtidas com o uso das placas PetrifilmTM AC.

Palavras-chave: métodos rápidos, sistemas prontos para uso,
leite de cabra, PetrifilmTM AC, SimplateTM TPC
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